Objectives: When identified prenatally, the imaging triad of asymmetric ventriculomegaly, interhemispheric cyst, and dysgenesis of the corpus callosum (AVID) can indicate a more serious congenital brain anomaly. In this follow-up series of 15 fetuses, we present the neurodevelopmental outcomes of a single institution cohort of children diagnosed prenatally with AVID. Our previously published case series describes the imaging triad of asymmetric VM, interhemispheric cyst, and dysgenesis of the corpus callosum (AVID). We noted that prenatal sonographic findings of marked asymmetric VM in the setting of severe hydrocephalus and absent cavum septi pellucidi (CSP) can be indicative of an underlying interhemispheric cyst and associated callosal malformation, which are more subtle diagnoses that may be initially missed in the setting
| INTRODUCTION
Fetal ventriculomegaly (VM) can present either as an isolated finding or may be a component of a wide range of central nervous system (CNS) abnormalities. As such, there is a wide spectrum of clinical outcomes for fetuses with VM, ranging from essentially normal development to marked cognitive disability or death. Uncertainty about the developmental outcome for a fetus with VM can pose a challenge to prenatal counseling. Accurate and timely diagnosis of a primary CNS abnormality is essential to providing reliable counseling regarding prognosis. In fetuses with severe VM, the brain parenchyma can be markedly distorted and associated CNS abnormalities are often sonographically occult. Fetuses with severe VM are often initially assumed to harbor isolated aqueductal stenosis or misdiagnosed as holoprosencephaly or hydranencephaly. [1] [2] [3] [4] Our previously published case series describes the imaging triad of asymmetric VM, interhemispheric cyst, and dysgenesis of the corpus callosum (AVID). We noted that prenatal sonographic findings of marked asymmetric VM in the setting of severe hydrocephalus and absent cavum septi pellucidi (CSP) can be indicative of an underlying interhemispheric cyst and associated callosal malformation, which are more subtle diagnoses that may be initially missed in the setting of severe ventriculomegaly. 5 In these cases, additional anomalies were identified most reliably using fetal MRI. [5] [6] [7] [8] [9] Identification of fetuses with the AVID triad, along with identification of progressive severe fetal macrocephaly, was shown to have important implications for prenatal counseling, delivery planning, and postnatal course. In this follow-up series of 15 fetuses, we present the neurodevelopmental outcomes of a single institution cohort of children diagnosed prenatally with AVID.
| METHODS
The fetal ultrasound database for our academic institution was queried with ultrasound imaging not meeting these criteria were excluded. For children meeting the ultrasound inclusion criteria, DP, KO, and TG reviewed all available fetal MR imaging exams for the presence of (a) interhemispheric cysts or ventricular diverticula and (b) dysgenesis or agenesis of the corpus callosum. After exclusion of all children not meeting these ultrasound and MRI criteria, a total of 15 cases of AVID remained, of which eight were included in our original publication. 5 All available postnatal imaging was reviewed for the 15 cases by DP.
Standard fetal ultrasound views of the head included axial views obtained for the biparietal diameter, head circumference, lateral ventricles, posterior fossa, and CSP. Fetal MR imaging was performed on a 1.5 T Philips Ingenia scanner (Best, NV) and included 3-mm axial, sagittal, and coronal single-shot turbo spin echo T2-weighted images, a T1-weighted image sequence in at least one plane (variable thickness), and balanced fast field echo (BFFE) sequences (variable thickness). Intravenous contrast agents were not administered.
In the setting of VM with callosal anomaly, prenatal providers should offer additional diagnostic testing such as a chromosomal assessment (eg, chromosomal microarray, single gene testing, or whole exome sequencing) and interrogation for infectious etiologies (eg, CMV and toxoplasmosis).
For the patients in our series, prenatal screening for chromosomal copy number variants and serum infection was offered based on the fetal intracranial findings and timing of the diagnosis during gestation.
Clinical records from our tertiary care academic institution were reviewed for perinatal management, postnatal surgical management, and neurodevelopmental outcomes by TG, BS, NS, and JP. What's already known about this topic?
• Fetal ventriculomegaly can be isolated or be a component of structural brain anomaly.
• Prenatal counseling can be challenging given the variable clinical outcomes associated with fetal ventriculomegaly.
• When fetal ventriculomegaly is associated with a structural anomaly such as a callosal malformation, postnatal outcomes are worse than for isolated ventriculomegaly.
What does this study add?
• When severe asymmetric ventriculomegaly is identified, an underlying callosal anomaly and midline interhemispheric cyst can be present (AVID triad).
• Prenatal diagnosis of the AVID triad leads to progressive severe macrocephaly in utero, which often leads to cesarean section delivery.
• All children in our series with prenatally diagnosed AVID required at least one and in general several neurosurgical procedures, including CSF shunting in all cases.
• Most of these children had at least moderate to severe motor and language delays, with a wide range of visual deficits, craniofacial abnormalities, and medical comorbidities. noted to be clearly abnormal (including severe myopia and/or amblyopia) but with intact ability to attend to pictures, lights, and other visual stimuli if close to patient. Severe vision problem was noted in the one case where there appeared to be no functional vision.
| RESULTS
Of the 15 fetal cases of AVID (four male, 11 female), 12 were liveborn and three women opted for pregnancy termination due to the severity of the fetal anomalies. Of the 12 live-born, all were at least 34 weeks gestation at delivery. Three died within 10 days of delivery and one died at 3 months of age. A total of eight patients were alive at the time of chart review for assessment of neurodevelopmental outcomes. Gestational age at AVID diagnosis ranged from 21 to 35 weeks and 10 had fetal MRI in addition to prenatal ultrasound (Table 1) .
Gestational age at termination ranged from 26 to 28 4/7 weeks and gestational age at delivery ranged from 34 to 38 4/7 weeks. Neonatal death (cases a, e, f) was due to withdrawal of support following causes including congenital cardiac malformation, severe coagulopathy and intracranial hemorrhage. Infant death at 3 months (case g) was due
to withdrawal of care following seizures, respiratory failure, necrotizing enterocolitis with bowel perforation, and bacteremia. shunting as a second procedure at age 3 months. Additional neurosurgical procedures for these eight surviving patients included transection of the filum terminale for tethered cord in three patients and extradural craniocervical decompression for Chiari I malformation in two patients (one of whom also underwent tethered cord release).
Of the eight living patients at the time of chart assessment, ages ranged from 2 years 5 months to 11 years 11 months old. As summarized in Table 2 , most exhibited at least moderate neurodevelopmental disabilities, encompassing both motor and language skills. Motor disability was moderate to profound in all but one patient. Language and cognitive development/disability was similarly noted to be significantly affected in all surviving patients, with 6/8 patients rated as having moderate to profound disabilities. Seizure disorder was noted in three patients, all of whom were also noted to have profound or severe disability in both motor and language areas.
Visual abnormalities were universal but highly variable among the eight surviving children and varied from mild to severe, with 4/8 patients having moderate to severe deficits and the remaining four having a mild visual disability ( Table 2 ). The one with severe abnormalities has a unilateral absent globe and micropthalmos and no apparent functional vision in the other eye. Those with mild to moderate visual problems benefitted from glasses and in some cases surgery for strabismus.
In addition, three patients received a diagnosis of autism, all with moderate to profound language and motor disabilities. Two of the patients with autism also had seizure disorders. Genetic abnormalities or syndromes were noted in two living patients diagnosed with
Goldenhar syndrome (case 1) and 7q35 deletion/CASPR2 deficiency disorder (case 6), as well as two deceased patients who were diagnosed with Trisomy 21 (case a) and Meckel Gruber syndrome (case b). Three had significant craniofacial abnormalities; one had Goldenhar syndrome with micrognathia (case 1) and two others had a cleft palate (cases 3 and 7). Cases 1 and 7 required gastrostomy and tracheostomy tubes due to the facial/palate anomalies.
| DISCUSSION
We previously described a series of patients with marked asymmetric VM and absent CSP, key sonographic findings in the diagnosis of an otherwise unsuspected callosal anomaly with associated Type 1a interhemispheric cyst (AVID) (Figure 1 ). 5 Unlike fetuses diagnosed with uncomplicated hydrocephalus or aqueductal stenosis, the AVID triad defines a more specific clinical course during gestation with typically poor outcomes following delivery in surviving children. However, the diagnosis of AVID is not uniformly fatal, which is important to note since some fetuses with AVID were initially diagnosed as having hydranencephaly or holoprosencephaly.
In addition to prenatal testing, surveillance ultrasounds were performed at regular intervals to assess for VM progression and ).
Of the eight children alive for follow-up, all are noted to have motor and language disabilities and vision/oculomotor abnormalities.
In general, the severity of neurodevelopmental delays is similar across the categories, and this is particularly true for four of the eight children who all had profound disability noted in both language and motor areas. Though visual abnormalities were variable, even among those with mild visual problems, their cognitive and language deficits made more accurate assessment difficult. Presumably, these clinical findings are due not only to the severe hydrocephalus but also to the underlying intracranial structural abnormalities, which were better characterized with postnatal MRI. CNS procedures for associated congenital anomalies. It is apparent from the children in this series that AVID is also associated with a high burden of surgical interventions and a potential lifetime risk for repeat CSF diversion procedures.
| CONCLUSION
In summary, in our cohort of 15 prenatally diagnosed fetuses with AVID, three were terminated and the remaining 12 were live-born, of whom eight survived past infancy. Of these long-term survivors, all had neurodevelopmental disabilities. Most of these children had at least moderate to severe motor and language delays, with a wide range of visual deficits, craniofacial abnormalities, and medical comorbidities. Finally, all children with AVID required at least one and in general several CNS directed surgical procedures, including CSF shunting in all cases. For this subset of fetuses presenting with severe ventriculomegaly on prenatal ultrasound, prenatal counseling for those with AVID findings can be more specific regarding outcomes. In continuing pregnancies, diagnosis should prompt delivery in a tertiary care center with a plan for neurosurgical intervention and multidisciplinary support.
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